There's no lack of ideas. Prominent among them are plans to 'fertilise' oceans so as to encourage algae to absorb more CO 2 . Other options for capturing CO 2 include artificial trees to collect the gas from the atmosphere followed by sequestering it underground or in deep ocean currents. Carbon CO 2 may be the cause, but the effect we care about most is global warming. Geo-engineering could therefore focus, not on CO 2 , but on warming itself. The greenhouse effect, causing the warming, is an issue with the energy budget-our energy 'expenditure' into space is not high enough-the CO 2 is keeping the energy in. There's more than one way to balance a budget, so instead of attacking the 'expenditure' side, we could tackle the 'income', i.e. the energy the Earth receives from the Sun. If less of the energy coming from the Sun were caught by the Earth, we'd have less to worry about causing global warming, even with higher levels of CO 2 . There are various ideas for how this could be done, most of which involve reflecting more Sunlight back into space [3] .
Reducing global warming by reflecting more Sunlight
The Earth, like all objects that are neither perfectly black nor perfectly white, absorbs a proportion of light and other electromagnetic radiation hitting it and reflects the rest. The extent to which the Earth diffusively reflects radiation coming from the Sun is termed its 'albedo'. The Earth's albedo is about 0.3, i.e. about 30% of the radiation from the Sun is reflected straight back out into space. However, this average figure comes from a mixture of the different surfaces with very different individual albedos. The sea, which covers most of the Earth has a low albedo, and forest is not much higher, at 0.09-0.18. On the other hand, snow and ice can have an albedo up to 0.9. With such a range of different albedos making up the global average, the balance of the different albedo surfaces is crucial to the overall amount of energy coming from the Sun that is absorbed and so can result in global warming. Thus, for instance, melting arctic ice gives a reduction in average albedo and hence increase in the potential for global warming. Geo-engineering approaches to reduce global warming by changing albedo therefore focus on increasing the proportion of the Earth with high albedo, or increasing the albedo of particular elements. Clouds are an ideal candidate in this direction, being relatively easily influenced and potentially having an albedo of over 0.7. Even schemes that enhance the albedo of existing clouds, rather than create new ones, could have a substantial effect. For instance a recent paper proposes a scheme at sea whereby "Wind-driven spray vessels will [...]release micron-sized drops of seawater into the [...] layer beneath marine stratocumulus clouds.
[...] When residues left after drop evaporation reach cloud level they will provide many new cloud condensation nuclei, giving more but smaller drops and so will increase the cloud albedo to reflect solar energy back out to space." [4] . See Fig. 1 . Many other possible schemes are based on the same principle of reflecting back the radiation that would otherwise be causing global warming. These include putting carefully chosen particles higher into the atmosphere (e.g. [5] ) and extend to the sort of thing highlighted by the MP quoted earlier, what the eminent Stanford climate scientist Stephen Schneider has described as 'Buck Rogers schemes in space' [6] . One particularly carefully calculated scheme would create a cloud of tiny spacecraft to act as a Sunshade. As they put it "The concept builds on existing technologies. It seems feasible that it could be developed and deployed in ~25 years at a cost of a few trillion dollars, <0.5% of world gross domestic product (GDP) over that time." [7] Schemes that actively reduce atmospheric CO 2 Once the Sun's radiation has made it here and not been reflected straight back into space, there may still be ways of helping it escape again more quicklyand hence reduce global warming. Much of the current slowing in radiation loss comes down to the CO 2 humans have been pumping into the atmosphere, so the most direct route to increasing the radiation loss is actively removing some of this CO 2 . One of the most successful strategies for removing CO 2 from the atmosphere is employed by plants, where, in the course of photosynthesis they capture CO 2 from the atmosphere into more complex chemicals in their own cells. This occurs most extensively in some of the simplest plantsmarine algae. Proposals therefore focus on giving these tiny plants a helping hand in their CO 2 capture. A principal thing limiting their activity is the availability of nutrients necessary to growth but generally rare in the ocean. Foremost among these is iron. If iron is added to the oceans ( 'iron fertilization') it can produce great algal blooms, which capture large amounts of CO 2 . Experiments both deliberate and natural have demonstrated that this process does indeed occur, with up to hundreds of thousands of carbon atoms captured for every iron atom added [8] . Similar ideas with less experimental backing include large pipes to draw up nutrient-rich water from lower in the ocean to the surface [9] .
Ultimately these schemes aim to transfer CO 2 from the atmosphere to the deep ocean. There may be means other than algae of extracting it (such as artificial trees [10] ) and there may be other means of sequestering the CO 2 in places where it cannot have its deleterious atmospheric effects, such as in geological formations, including those from which the carbon (in the form of oil and gas) originally came. Indeed the process of sequestering CO 2 may just as well start directly at the power stations that produce it, an idea finally beginning to receive serious consideration in the power industry [11] .
Personal reflections
So far we have considered a subset of current ideas for using an understanding of environmental physics to alter the human effects on our physical environment, specifically global warming. Very little has been said about whether these ideas are likely to work or even if they did, whether they'd be a good idea.
There is no doubt that the challenge is serious -the political process for the reduction of carbon emissions is slow, perhaps hopelessly so, with a focus on scenarios (notably 2˚C global warming) that may prove wildly optimistic [12] . There is a strong motivation for politicians to grab whatever tools are to hand, and some of the geo-engineering options mentioned could seem very attractive routes to avoid the thorny issues of CO 2 emission reductions and get a technological 'quick fix'. There is a serious worry that if, like the British MP quoted at the start, politicians get geo-engineering ideas, their eye may stray from the ball of global CO 2 reductions, from which we may all suffer: the schemes mentioned are finite-a limited amount of albedo enhancement with a finite lifetime, a definite amount of CO 2 sequestered somewhere out of the way, yet human CO 2 emissions are indefinite-it is only in the computer simulation that it is possible to stop them entirely-unless emissions are actively cut, the problem does not go away, indeed unless something drastic is done to emissions as well as any geo-engineering, CO 2 will continue to grow (latest figures suggest greenhouse gasses rising at an equivalent to ~2.4% per annum increase in CO 2 emissions [12] ) and result in an even worse state at the end of any geo-engineering scheme than the beginning.
There is then the question of whether these schemes will work-many have received little research. Undoubtedly calls for more research cash are important. However even for those areas that are being researched, neither efficacy nor desirability is obvious. For instance, some of the most direct experimental research relates to ocean fertilization. While some efficacy has been demonstrated , albeit not for the complete process [8] [9] , iron fertilization has received a rather bad press. Most criticism at the level of it being 'tampering with nature' a level applicable to most geo-engineering. Given the degree of 'tampering with nature' evident in the original problem (human CO 2 emissions), this seems a weak argument. Nonetheless the public is well to be wary-there are real down-sides. The idea of turning low productivity areas into high by means of fertilizers has echoes of the 'green revolution' in 20 th century agriculture, a process that undoubtedly had huge impact, much of it positive, but being reliant on fertilizers and pesticides, transformed many terrestrial ecosystems into 'green deserts' and associated fresh-water habitats into precisely the sort of environments, dominated by algal blooms and toxic to anything else, envisaged in iron fertilization projects. In the UK, low productivity ecosystems like lowland heath or chalk downland were 'improved' by the green revolution and are now, along with many of their specialist species, highly threatened. These systems are well studied, the ocean ecosystems that are candidates for fertilization are far less known and the deep ocean being considered as a location for long-term sequestration of CO 2 is one of the least-known habitats on Earth.
However, while scientific scepticism is justified, a generalised rejection is no better than a generalised enthusiasm among the multiplicity of ideas currently mooted in geo-engineering. Lovelock has likened geo-engineering to pre 1940s medicine, a period with limited medical tools [13] . It remains to be discovered which geoengineering tools resemble which medical tools. Crude interventions into biological systems, as in iron fertilization, may have most in common with trepanning -brain surgery with a chisel. Other options, such as developing means to capture and sequester CO 2 may have more in common with equally ancient common-sense first-aid, such as stopping a bleeding artery. Others again may be like the basic interventions available in the early 20 th century, such as aspirin, that can only tackle a few symptoms, for instance albedo enhancement, which may temporarily reduce global warming, but leaves the underlying cause (raised atmospheric CO 2 ) and its other symptoms (e.g. ocean acidification) untouched. Whatever the putative merits of the medicines, the ailment is real and, unlike in much pre-1940s medicine, we have a fair idea of the cause, in CO 2 emissions, and the ultimate cure, in reducing those emissions. Geo-engineering may soon have a vital role in maintaining the patient without excessive damage though the treatment. However, the 'medics' are politicians, not physicists. Healthy debate and sound science are vital among the scientists to uncover and develop the best 'medicines' amid the multiplicity of ideas if the 'medics' are to be given their tools. The question is whether this can be done without getting distracted from the treatment itself.
